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A 50-KW Broadcast Transmitter 


By A. W. KISHPAUGH 
Radio Development Department 


LITTLE over ten years ago 
the radio station call letters 
3XN, of our Whippany lab- 
oratory, received world-wide notice 
because of transmission incidental to 
the testing of the first fifty-kilowatt 
radio-broadcasting transmitterofcom- 
mercial design. The development of 
such a transmitter at that time was a 
pioneering venture involving the use 
of larger vacuum tubes and a higher 
plate voltage than had been employed 
before. Because of this there was a 
great deal of interest in the apparatus 
and in the tests of it. The performance 
of the equipment was excellent and 
its completion marked an important 
step forward in the development of 
radio broadcasting. 
During the past year another fifty- 
kilowatt broadcasting transmitter has 
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been under test at Whippany. It is 
the latest Western Electric transmit- 
ter of this size, and has been coded 
the 407A. Although the use of fifty 
kilowatts for broadcasting is no longer 
a novelty, this new equipment pre- 
sents such a number of features of 
importance that the progress repre- 
sented is comparable to that which 
aroused interest when the first fifty- 
kilowatt transmitter was being tested 
at Whippany in 1927.. While the 
achievement at that time was prin- 
cipally in the utilization of increased 
power, the present advancement is in 
refinement of transmitter design to 
give improved performance, and more 
efficient, more reliable, and more 
economical operation. 

An outstanding feature of the new 
equipment is the use of the high- 
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efficiency amplifier circuit* invented 
by W. H. Doherty of the Whippany 
staff. By use of this circuit in the final 
amplifier stage, the power consump- 
tion of the transmitter has been 
greatly reduced, the plate losses in the 
power amplifier being cut from nearly 
one hundred to less than thirty kilo- 
watts. Among the other features that 
make the transmitter outstanding in 
its class are the use of stabilized feed- 
back to minimize noise and distortion, 
complete a-c operation to eliminate 
motor generators for filament current 
and grid bias voltages, two I0o- 
kilowatt tubes in the final stage in- 
stead of six smaller ones, complete 
remote control of all power circuits, 
automatic regulators for plate and 
biasing supplies, and individual con- 
trol of the filament voltages of the 
power amplifiers. 

The equipment of the fifty-kilowatt 
transmitter is indicated in Figure 1. 
The audio- and radio-frequency cir- 
cuits are included in four units ar- 
ranged as a line of cabinets as shown 
in the photograph at the head of this 
article. At the left is the control unit, 

*RecorD, June, 1936, page 333. 


where is centered the operating con- 
trol of the entire equipment. Here are 
toggle switches that operate contac- 
tors on the power-distribution panel 
for all circuits, and pilot lamps that 
indicate circuit conditions and sources 
of interruption. The second unit is the 
oscillator amplifier, which includes 
the oscillator and three radio-fre- 
quency amplifier stages, and the entire 
audio-frequency circuit. The next unit 
is the modulating amplifier. It in- 
cludes two tubes operated in parallel 
with grid-bias modulation. The out- 
put of this section drives the fifty- 
kilowatt amplifier, which forms the 
final unit. In this are two 100-kilowatt 
tubes operated in a Doherty high- 
efficiency circuit. The appearance of 
this section, with its two doors open, 
is shown in Figure 2. 

Besides these four major units there 
is the power and rectifying equipment, 
the component parts of which are 
usually installed in an enclosure be- 
hind the cabinets or on the floor 
below. All the power required for the 
transmitter is taken from a 460-volt 
three-phase supply, which is carried 
directly to the power distribution 
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panel. No fuses are employed, all cir- 
cuits are protected by circuit breakers 
and power for the various circuits 1s 
switched through contactors operated 
from the control unit. All the power 
except that for the pumps and fans of 
the water-cooling system is regulated 
to secure constant voltage. Two auto- 
matic regulators are employed. One 
of them supplies the high-voltage 
transformers for an 18,000-volt recti- 
fier that furnishes plate potential for 
the power and modulating amplifiers. 
The other feeds a bus in the distribu- 
tion panel from which circuits are 
taken for the oscillator-amplifier units, 
for filament supplies for the other 
amplifier units, and for three bias 
rectifiers for the modulating and 
power-amplifier stages. 


Fig. 2—The 50-kw power-amplifier stage showing the two 


double-ended 100-kw tubes 


It is very desirable to have the 
major units of a broadcasting trans- 
mitter so designed that they will serve 
as building blocks from which various 
sizes of transmitters may be assem- 
bled. This enables a broadcaster to 
start with a low-power transmitter 
and increase his output from time to 
time with a minimum of expense. This 
principle has been followed in the de- 
sign of this fifty-kilowatt transmitter. 

The first three units of this trans- 
mitter are essentially the same as 
those of the five-kilowatt transmitter 
that is described on page 7 and in- 
clude all the features there discussed. 
The smaller size of the modulating 
amplifier of that transmitter, how- 
ever, permits it to be included in the 
oscillator-amplifier unit, which be- 
comes the driving unit. 
The five-kilowatt 
power amplifier occu- 
pies the third cabinet, 
which is the final one of 
the five-kilowatt trans- 
mitter. The driving 
unit alone of this trans- 
mitter may also serve 
as a complete 100-watt 
transmitter. Provisions 
are also made for in- 
creasing the output of 
the fifty-kilowatt 
transmitter to five hun- 
dred kilowatts by the 
addition of a five-hun- 
dred-kilowatt ampli- 
fier. In each case cer- 
tain circuit and equip- 
ment changes are nec- 
essary, but by careful 
design the changes 
have been reduced to 
a minimum, and the 
flexibility provided 
does not impose any 
economic penalties on 
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the purchase of any one size. Besides 
these arrangements for increasing the 
power of the transmitter, provisions 
have also been made for arranging the 
transmitter to operate at reduced 
power during certain hours or under 
emergency conditions. The minor 
modifications required depend for the 
most part on the particular conditions 
encountered in each installation. 
Continuity of service is becoming 
increasingly important 
in the operation of 
broadcasting stations, 
and to some extent is 
of greater importance 
the larger is the sta- 
tion. In this new fifty- 
kilowatt transmitter, 
therefore, every effort 
is made to avoid shut- 
downs by warning sig- 
nals and to reduce to a 
minimum the time off 


back occurred. Another safeguard is 
the provision of three single-phase 
transformers for supplying this recti- 
fier. Two of them in an open-delta 
connection will carry the full load, and 
thus any one of the three trans- 
formers may be considered as a spare. 

With the same general objective, 
many protective circuits are included 
in the control unit to insure continued 
operation by giving warning of dan- 


Fig. 3—Cathode-ray oscilloscope patterns obtained in ad- 


the air when an inter- justing Doherty amplifier. Solid curves are the patterns for 


ruption does occur. 
Certain of the protec- 
tive arrangements are described in 
connection with the _five-kilowatt 
transmitter. One of the added features 
of the fifty-kilowatt transmitter is 
the provision of a seventh, or spare, 
rectifier tube in the rectifier for the 
power amplifier. This tube is con- 
nected to busses and may be rapidly 
substituted for any of the others with- 
out removing it. 

Arc-backs are infrequent with mod- 
ern rectifier tubes. When they do 
occur, they are quickly cleared in this 
transmitter by a very fast circuit 
breaker in the main feeder to the 
rectifier. This breaker automatically 
recloses once after it opens and thus 
makes the interruption so short as to 
be unnoticeable. At the same time 
arc-back relays give an indication of 
the particular tube in which the arc- 
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correct adjustment, and dotted curves are out-of-tune patterns 


gerous conditions and controlling the 
sequence of the operating procedures. 
Among these are electrical interlocks 
to prevent the application of power 
in the wrong sequence, the automatic 
reduction in the rectifier voltage be- 
fore starting, and temperature and 
flow meters in the cooling water sys- 
tem that will give an alarm and, if 
necessary to avoid damage, will re- 
move power immediately from the 
water-cooled tubes. 

Tuning for the high-efficiency Do- 
herty amplifier is easily checked by 
the aid of a cathode-ray oscilloscope, 
which can be connected by plugs and 
jacks to the plates and grids of the 
two 100-kilowatt tubes. When cor- 
rectly adjusted, the grid potentials of 
the two tubes are approximately 
ninety degrees apart, and will show a 
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vertical ellipse on the oscilloscope as 
shown at the left of Figure 3. The 
dotted ellipses indicate improper ad- 
justment on either side of the correct 
one. Between plate and grid the phase 
relationship is 180 degrees, and the 
pattern for correct adjustment is a 
diagonal line. When the phasing is not 
correct, the line widens to an ellipse 
as shown at the right of Figure 3. 

The performance of this new fifty- 
kilowatt transmitter is of the. high 
order required of modern broadcasting 
equipment. From the broadcaster’s 
standpoint, the economy and ease of 
operation will set new standards. 


From the standpoint of transmission 
little further improvement can be 
visualized. Through careful circuit 
design and with the benefits of nega- 
tive feedback, the audio-frequency 
characteristics approach perfection. 
The audio-frequency response does 
not vary more than one decibel be- 
tween 30 and 10,000 cycles. The audio 
distortion at complete modulation 
will not exceed five per cent over the 
50 to 5000-cycle range, and is very 
much less with average modulation. 
The carrier noise is negligible, being 
more than sixty decibels below the 
signal at 100 per cent modulation. 


Fig. 4—Rear of 50-kw amplifier showing radio-frequency 
coils and gas-filled tuning condensers 
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Improved Design for 


Five-Kilowatt Broadcast Transmitter 


By R. E. CORAM 
Radio Development Department 


HE new Western Electric five- 

kilowatt broadcast transmitter 

is the first of its size to use the 
Doherty high-efficiency circuit. While 
other five-kilowatt transmitters have 
operated in the neighborhood of 
eighteen per cent overall efficiency, 
thus requiring twenty-eight kilowatts 
input for five kilowatts output, this 
new transmitter operates at an effi- 
ciency of thirty-one per cent, and re- 
quires only sixteen kilowatts input. 
Besides this almost fifty per cent re- 
duction in the power required, the 
new transmitter makes appreciably 
less demand on space; for the recom- 
mended arrangement an area about 
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eleven feet square is all that is needed. 
The advantages of the new trans- 
mitter, known as the 405A1, are not 
limited to these two major improve- 
ments, however. A number of other 
features have been incorporated that 
make its operation easier and more 
dependable, and its characteristics 
are also better. 

One of these features is the use of a 
protective circuit, already described 
in the Recorp,* which operates on 
any type of disturbance and discon- 
nects the power until the trouble has 
cleared itself, which is usually only a 
small fraction of a second. This 

*Recorp, March, 1938, page 254. 
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prompt removal of power avoids the 
serious damage that might otherwise 
result from heavy discharge currents, 
and reduces the time off the air to 
inappreciable intervals. An important 
feature of this circuit is a meter that 
indicates continuously the state of 
circuit adjustment, and in some cases 
gives warning of approaching trouble. 

Stabilized feedback is also em- 
ployed, and—as may be seen in 
Figure 1—is taken from the output of 
the transmitter through a full-wave 
rectifier and fed to the first audio 
stage, thus covering the entire trans- 
mitter. To make the feedback more 
effective, the transmitter circuit is 
grounded on one side, which permits a 
higher ratio of resistance to react- 
ance than would a balanced circuit, 


RADIO FREQUENCY AMPLIFIERS 


and thus appreciably broadens th 
width of the frequency band over 
which feedback is effective. 
Mounting space is provided for two 
702A oscillators, both of which are 
kept at the operating temperature at 
all times, and a small switch adjacent 
to them permits either to be switched 
into the circuit at a moment’s notice. 
With all possible variables changing 
in the same direction at once, the 
frequency deviation is much less than 
ten cycles. Ten cycles, although it is 
the guaranteed deviation for the 
transmitter, is only one-fifth of the 
fifty-cycle requirement of the Federal 
Communications Commission. The 
oscillator is provided with a fine ad- 
justment so that the frequency can be 
set to agree exactly with the frequency 
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monitor or with any other reference 
standard. Space is provided adjacent 
to the oscillator to permit the re- 
quired synchronizing apparatus to be 
installed if the transmitter is to be 
made part of a synchronized system. 

Following the oscillator are two 
stages of radio-frequency amplifica- 
tion, and then the modulating ampli- 
fier, which consists of two tubes in 
parallel. The program voltage is ob- 
tained from a two-stage amplifier 
which requires only six milliwatts 
input—zero level—for full modula- 
tion. The second stage of the audio 
amplifier, like the modulating ampli- 
fier, consists of two tubes in parallel. 
These four sections of the circuit— 
oscillator, radio-frequency amplifier, 
audio-frequency amplifier, and modu- 
lating amplifier—make up the driving 
unit, and are all mounted in a single 
cabinet as shown in Figure 2. The 
five-kilowatt amplifier, which the 
modulating amplifier drives, also con- 
sists of two tubes, arranged for 
Doherty high-efficiency operation. 
This amplifier is housed in a cabinet 
similar to that of the driving unit, and 
is shown in Figure 3. 

The proper operation of this high- 
efficiency amplifier depends on a 
ninety-degree phase relationship be- 
tween the plates and between the grids 
of the two amplifier tubes. This non- 
critical adjustment is made simple by 
the provision of an oscilloscope which 
can be plugged across the plate and 
grid of either tube, or across the two 
grids or the two plates. When the 
amplifier is properly adjusted the 
oscilloscope will show a diagonal line 
when connected across grid and plate, 
and an ellipse when connected across 
either pair of grids or plates. With the 
amplifier improperly tuned these lines 
change to ellipses, and the ellipses in 
turn may lie at any angle. Tuning 
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Fig. 2—The oscillator-modulator unit with 
front doors open. The two crystals are at the 
left in the upper compartment 


consists only in adjusting a condenser 
to bring the proper orientation for each 
connection of the oscilloscope. 
Another convenient feature of this 
transmitter is its power supply. From 
the main circuit breaker, the power is 
carried through a regulator which 
automatically keeps the potential at 
230 volts, and is then carried to the 
distribution cabinet. No fuses are 
employed. All the branch circuits pass 
through automatic circuit breakers, 
which may promptly reclose after 
they have tripped by an overload. 
The main circuit breaker is of the 
reclosing type, and automatically re- 
applies the power once after an over- 
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load. All switches are operated from 
the control unit shown in Figure 4 and 
at the left of the photograph at the 
head of this article. Here are installed 
the indicating lamps, meters, and 
switches that are required for operat- 
ing the transmitter. 

Another interesting feature of the 
transmitter is the use of straight 
porcelain pipe, glazed inside and out, 
as the insulating connection for the 
cooling water supply for the five-kilo- 
watt amplifier tubes. Formerly these 
connections have been either unsightly 
rubber hose or a coil of ceramic 
tubing, which is not glazed on the in- 
side and is difficult to clean on the 


Fig. 3—The five-kilowatt amplifier unit 
showing the use of straight porcelain piping 
in the lower compartment 
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Fig. 4—The control unit with doors open 


outside. This piping may be seen on 
either side of the lower compartment 
of the five-kilowatt amplifier that is 
shown in Figure 3. 

The frequency response of the 
405A1 is flat to within three-quarters 
of a db from thirty to ten thousand 
cycles. At complete modulation, the 
distortion is under four per cent at all 
frequencies, and in the important 
middle-frequency range, it is less than 
2.5 per cent. At 85 per cent modula- 
tion, the distortion is under 2.5 per 
cent for the entire band, and is under 
1.6 per cent for the middle-frequency 
range. Unweighted noise is down 
more than sixty db from the signal. 

This transmitter is a product of the 
development of the new fifty-kilowatt 
transmitter, and may be converted to 
fifty-kilowatt output by the addition 
of an amplifier and a few other 
changes. The output may also be 
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readily increased to ten kilowatts if 
desired. Besides these possible in- 
creases in power, the transmitter is 
arranged for an instantaneous reduc- 
tion to either 2.5 or 1 kilowatt to 


permit the station to operate at re- 
duced power for certain hours of the 
day. These features, with the simple 
control and tuning arrangements, 
provide a highly flexible transmitter. 


Improved Mouthpiece for Operators Transmitters 


A shorter mouthpiece has recently been developed for operators’ trans- 
mitters, primarily for use where records have to be consulted frequently, 
such as at information and intercepting positions. An improvement in 
vision results and this in turn provides more uniform transmission since 
there is less need for an operator to turn away from her mouthpiece. 

The curve of the horn has been reduced and the flare at the larger end 
increased to make an opening of approximately the same size as that of 
the mouthpiece in use. The.transmitter housing tilts at a higher angle 
than at present but this does not affect its performance at angles ordinarily 


met in practice. 


The new horn, which is molded of phenol plastic instead of rubber, has a 
better appearance and a more durable finish. 
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Electron Analysis of Stearic Acid Films 


By L. H. GERMER 
Physical Research 


HAT a beam of electrons is 
scattered by a crystalline sub- 
stance in definite directions has 

been known for some time.* In this 
behavior electrons act like waves, and 
the phenomena resemble those ob- 
served in any case of diffraction. If a 
photographic plate is held in the path 
of the scattered electrons, regular 
patterns like those shown in the ac- 
companying illustrations are recorded. 
The locations and character of vari- 
ous features on the plate depend on 
the structure of the crystalline ma- 
terial and on the velocity of the 
electrons. In favorable cases the 
structure can be determined from 
measurements made upon the plate. 
This technique has been applied to 
studying the structure of layers of 
stearic acid, a heavy fatty acid which 
crystallizes in soft, thin, mica-like 
flakes. Figures 2 and 3 were ob- 
tained by bombarding, at small glanc- 
ing angles, a thin layer of this acid 


*Recorp, April, 1927, page 257; March, 
1936, page 210. 
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which had been deposited on a block 
of metal. The patterns consist largely 
of straight lines, all of which lie normal 
to the surface of the acid. They show 
that the acid layer is composed of 
crystals which have widely spaced 
planes lying parallel to the surface, 
and the sharpness of the lines indi- 
cates that the crystals are well formed. 

Figures 4 and 5 were made by a 
different method. Films of stearic acid 
were deposited on very thin trans- 
parent foils, and electrons passed di- 
rectly through them instead of being 
reflected at glancing angles. For com- 
parison, the diffraction pattern of a 
single crystal of stearic acid is shown in 
Figure 6. The resemblance to Figures 
4 and 5 is close enough to justify the 
conclusion that all three were produced 
by crystals of the same structure. 

The stearic acid specimens were ob- 
tained by dipping the supporting 
block or foil repeatedly through a 
film of stearic acid which was floating 
on water. Each immersion added a 
layer of acid one molecule thick and 
another layer was 
added on removal. 
Measurements of the 
photographs show that 
the mean orientation 
shown in Figure 4 cor- 
responds to a fifteen- 
degree inclination of 
one of the crystal axes 
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Fig. 1—Electrons from the hot cathode at the left pass 
through narrow slits and are reflected from the layer of stearic 
acid onto the photographic plate at the right 
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to the direction of dip- 
ping, while the orienta- 
tion shown in Figure 5 
indicates parallelism of 
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this axis and the dipping direction. 

A more detailed analysis of the 
photographs shows that the stearic 
acid layers consist of monoclinic 
crystals in which chains of carbon 
atoms are parallel to the long crystal- 
lographic axis, and that the orienta- 
tions of these crystals are distributed 


about a mean orientation which is 
simply related to the direction of 
dipping. An analysis of this kind is 
relatively easy, and leads one to pre- 
sume that similar electron diffraction 
methods can be applied to determin- 
ing the structures of built-up films of 
various compounds. 


Figs. 2 and 3—Diffraction patterns obtained by scattering electrons at 

small glancing angles from the surfaces of built-up films of stearic acid. 

Figs. 4 and s—Diffraction patterns produced by electrons which have 

passed normally through built-up films of stearic acid. Fig. 6—A 

comparison photograph obtained by passing electrons normally 
through a stearic acid single crystal 
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Charging Control for PBX Batteries 


By C. S. KNOWLTON 
Power Development Department 


ATTERIES for the smaller 

private branch exchanges are 

generally charged on a con- 
tinuous basis by a local rectifier or 
over cable pairs from the central 
office. The charging rate is adjusted 
periodically so that the battery will 
not become too badly discharged after 
heavy load periods or excessively 
overcharged after light load periods. 
To secure longest life and least main- 
tenance on a battery, however, it 
should be kept as nearly as possible 
at full charge all the time, with a 
minimum of overcharge or discharge. 
With a periodic adjustment of the 
charging rate at fairly long intervals, 
this is not possible. To improve the 
charging of PBX batteries, therefore, 
a relay known as the 253 type has 
recently been developed which—ar- 


14 


ranged in a suitable circuit—will per- 
mit a much closer approach to the 
ideal conditions. 

The primary function of the 253- 
type relay (designated cc in Figure 1) 
is to select either of two charging 
rates depending on the state of charge 
of the battery. One is a high charging 
rate, which is set by adjustment of 
the resistance R2, to replace the tele- 
phone load drain; the other is a 
“trickle charge” rate, which is set by 


adjustment of resistance RI in series 


with R2. This latter rate is adjusted to 
supply the required “‘trickle” charge 
to compensate for internal losses in 
the battery, and also the current for 
operating the relay and any other 
fixed load, such as lamps, that may be 
normally connected across the line. 
With the relay unoperated, the re- 
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sistance RI is short-circuited by its 
back contact, and the battery is 
charged at the higher rate. When the 
relay operates, RI is cut into the cir- 
cuit, and the charge is reduced to the 
trickle charge rate. 

To enable it to function properly 
in such a circuit, the 253 relay is 
designed to have a stable operate 
voltage, and adjustments have been 
provided on the relay to make it op- 
erate at the desired value. As the bat- 
tery is charged, its voltage rises, and 
when the voltage corresponding to 
full charge is reached, the relay oper- 
ates and removes the short-circuit 
across the resistance RI. 

The relay is thus a voltage-sensitive 
device to stop the charging when the 
battery has reached the full-charge 
condition. The release voltage of the 
relay is not accurately controlled, 
however, and as a result the relay will 
not release as the battery voltage be- 
gins to drop. Some other arrangement 
must be provided to trip the relay 
periodically without regard to the 
state of charge of the battery. After 
the relay is tripped the battery will 
begin to charge at the high rate, and 
the relay will then again discontinue 
this charge automatically when the 
battery has been properly charged. 

One method of furnishing this 
tripping feature, used in some of the 
smaller installations, is provided by 
the cr relay as shown in Figure 1. This 


R2 RI 
TO CENTRAL TO 
OFFICE OR SWITCH- 
BOARD 
CIRCUITS 


TO SWITCHBOARD ~~} 
CIRCUITS = 


Fig. 1—Circuit used for controlling the 
charging of small batteries 
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relay operates whenever a subscriber 
has the receiver off the hook, and, in 
operating, it opens the circuit to the 
winding of the cc relay, thus tripping 
it, and allowing the higher charging 
current to flow, which continues until 
the battery is full charged and the 
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Fig. 2—Variation of battery voltage with 
state of charge 


cT relay has released, when the cc 
relay operates, thus reducing the 
charging current to the trickle rate. 
Other methods of tripping the cc 
relay may be used, controlled by dif- 
ferent circuit operations or by time- 
delay relays. 

The voltage across a battery under- 
going charge varies with the state of 
charge, with the amount of charging 
current, and with the temperature of 
the battery. The resistance R2 is ad- 
justed so that at full charge and 
some specific temperature the charg- 
ing current will be of the correct value 
to give the “operate” voltage of the 
cc relay. Should the temperature 
change, however, the battery voltage 
would change, with the result that 
the cc relay would operate at some 
other than the correct state of charge. 

The variation in battery voltage 
with state of charge and temperature 
is shown in Figures 2 and 3 for one 
particular charging rate. It will be 
noted that for the particular charging 
rate illustrated the battery voltage at 
full charge is 2.3 volts per cell at 
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seventy degrees Fahrenheit. This is 
the voltage at which the cc relay is 
adjusted to operate. Should the tem- 
perature change, however, the usual 
type of relay would operate at some 
other condition than full charge of the 
battery. If the temperature were 
higher than seventy degrees, the relay 
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Fig. 3—Variation of battery voltages with 
temperature 


would operate only after the battery 
were overcharged, while if the tem- 
perature were less than seventy de- 
grees, it would operate before the bat- 
tery were fully charged. To offset the 
effect of temperature, the relay oper- 


ate voltage should vary with the 
temperature—being lower for high 
temperatures, and higher for low. 

This temperature compensation is 
provided in the 253-type relay by a bi- 
metallic strip that changes the tension 
on the restoring spring of the relay. 
As the temperature rises, this bi- 
metallic strip flexes to lessen the 
spring tension, so that the relay will 
operate at a lower voltage, and as the 
temperature drops the reverse action 
takes place. The relay is mounted 
near the battery so that the air con- 
ditions will affect both alike. 

This new relay thus provides a 
simple and economical method for 
controlling the charging rate of small 
batteries supplied from a d-c source 
such as rectifiers or through cable 
from a central-office battery. By pre- 
venting excessive overcharging and 
undercharging, it is expected that the 
use of the relay will effect a marked 
increase in the average life of the 
small batteries in telephone plants. 


Light from a small lamp in the handle of this relay tester is reflected 

from the front surface of the transparent lucite end-piece back onto 

the rear of the contact spring of the relay. The silhouetted spring- 
assembly is inspected with the magnifying glass 
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NEWS AND PICTURES 
| OF THE MONTH 


Testing a pair of “crosspoints” in a crossbar switch in the New York Telephone 
Company’s new central office, the first full-size crossbar central-office installation to 
be placed in operation by the Bell System 


GC) 
News of the Month 


First CrossBAr OFFICE IN THE 
System Is PLAceED IN OPERATION 


Tue First full-size installation in the Bell 
System of the new “crossbar” central office was 
placed in operation in New York City in July. 
It now serves about 16,000 telephones in the 
Grand Central Terminal and in eight blocks 
contiguous to it, and is designed for an ultimate 
total of 26,000. This is one of the busiest sections 
of the metropolitan district from the standpoint 
of telephone traffic. 

A force of 170 men worked on the equipment 
during the peak period of its installation. Ap- 
proximately 385,000 feet—about 73 miles—of 
switchboard cable were used in its construction. 
After completion, about 285,000 test calls were 
dialed through the apparatus in an exhaustive 
trial of its ability to meet the service require- 
ments encountered. 

Before a press preview of the new office, a 
luncheon was tendered to science reporters by 
the New York Telephone Company. Bell System 
executives present were Dr. Jewett; W. H. Har- 
rison, Vice-President and Chief Engineer, Ameri- 
can Telephone and Telegraph Company; V. E. 
Cooley, Vice President, and A. A. Frank, Chief 
Engineer, Manhattan area, New York Tele- 
phone Company. Following talks by Messrs. 
Jewett and Harrison, the working of the system 
was explained by W. H. Matthies, Switching 
Development Director of the Laboratories, and 
the reporters were taken on a tour of the office 
by P. F. Carl, Jr., and G. B. Wellbaum of the 
New York Telephone Company, P. B. Findley 
of the Laboratories, and engineers who were 
directly concerned with the installation. 


Repuces Static 
IN AvIATION COMMUNICATION 


STATIC-FREE radio telephone transmission be- 
tween airplane pilots and landing field attendants 
has been demonstrated in tests made by the 
Laboratories in codperation with Transconti- 
nental and Western Air, Inc. Despite thunder- 
storms and other atmospheric disturbances, 
flight tests of new ultra-high-frequency appa- 
ratus, utilizing channels in the band from 100 to 
150 megacycles, show the system to be substan- 
tially free from adverse atmospheric conditions. 

The system has been tested under actual flying 
conditions over the New York-Pittsburgh route 
of TWA. Should continuing tests, now being 
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carried forward to explore the new system’s 
behavior on other typical airways, verify the 
initial results, radio telephony at these frequen- 
cies will find extensive use, not only for aviation 
but also for police radio telephone and other 
land services. 

Early in 1938 arrangements were made with 
TWA for an operational test of the new equip- 
ment on the Pittsburgh-New York airway. 
Ultra-high-frequency transmitters and receivers 
were installed near the airport at Pittsburgh and 
on top of the New York Telephone Company 
building situated in lower Manhattan. The latter 
equipment was controlled remotely from TWA’s 
dispatch office in Newark. In addition to the Lab- 
oratories’ airplane, ultra-high-frequency equip- 
ment was also installed in a TWA Skyliner, 
which has been flown on regular schedule be- 
tween Pittsburgh and New York. Both the air- 
craft installations and those on the ground were 
made separate from the regular complement of 
radio transmitting and receiving equipment 
normally employed for airline operation. 

A month’s trial under actual operating condi- 
tions, during which all types of weather were 
encountered, showed the new system to be free 
from static disturbances, even in the presence of 
violent thunderstorms. Rain static, another 
common source of interference, left the equipment 
undisturbed and the almost total absence of 
background noise which usually crackles in the 
pilot’s ears continuously proved to be an im- 
portant advantage through relieving discomfort 
and fatigue. 

The tests gave additional verification to the 
fact that ultra-high-frequency transmission will 
not carry for any considerable distance beyond 
the horizon. Although this characteristic repre- 
sents a handicap to the general application of 
such short waves, it is less important to aircraft 
communication because the airplane’s horizon 
is continuously expanded as it gains altitude. 
It does mean, however, that for airline operation, 
a greater number of ground stations will be 
required along the line of flight than with present 
lower frequency equipment operating between 
3000 and 6000 kilocycles. 

The experimental work with this new ultra- 
high-frequency system has been carried on under 
the direct supervision of D. K. Martin of the 
Radio Development Department. The trans- 
mitters were designed by J. W. Smith, W. H. C. 
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Higgins, W. P. Fisher and J. J. 
McMahon and the receivers 
by H. B. Fischer, G. N. 
Thayer, B. H. Simons and 
J. J. Scanlon. Tests in the 
Laboratories’ airplane were 
made under the direction of 
Pilots P. H. Lucas and F. H. 
Smith. Mr. Smith, who joined 
the Laboratories last May, was 
formerly a pilot for TWA. 
J. C. Franklin, Superintendent 
of Communications for TWA, 
codperated in the field tests. 


News Notes 


F. B. JEwett’s paper en- 
titled The Engineer and Trends 
in Economic Thought, which he 
delivered before the Western 


time he was presented with the 


was published in the August 
issue of Electrical Engineering. 

On Tuurspay, July 28, O. E. Buckley ad- 
dressed a luncheon meeting of the Kiwanis Club 
of Maplewood, his home town in New Jersey. On 
Wednesday, July 27, he accompanied Mr. Gifford, 
Mr. Cooper and Dr. Jewett ona visit to the Holmdel 
and Deal laboratories. 

E. W. Apams attended the American Bar 
Association Convention at Cleveland, Ohio, 
that was held during the latter part of July. 

M. R. McKenney appeared before the Board 


W. J. Turney 


of the Central Office Switching 
Development Department com- 
pleted twenty-five years of Bell 
System service on August 3 
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Society of Engineers at the 2% “he Equipment Development 

Department completed thirty Development Department com- 
Washington Award for 1938, years of service in the Bell Sys- 
tem on August § 


N. M. ANDERSON 
of the Central Office Switching 
Development Department com- 
pleted twenty-five years of Bell 
System service on August 18 


W. H. Spann 
of the Central Office Switching 


pleted thirty years of Bell Sys- 
tem service on August 23 


of Appeals at the Patent Office in Washington 
in connection with an application for patent. 

G. F. Heverman appeared at the Patent 
Office before the Board of Appeals in interference 
proceedings. 

A. G. Lane was in Pittsburgh during July on 
matters pertaining to the initial installation of the 
1B toll switchboard and the No. 7 service 
observing switchboard in that city. 

J. L. Dow visited Hawthorne to discuss general 
problems pertaining to tele- 
phone systems. 

S. H. Loverine and L. T. 
ANDERSON were in St. Louis, 
Missouri, to assist the tele- 
phone company with the work 
of modifying the Evergreen 
panel central office to function 
with extended subscribers’ loop 
ranges. 

A. E. Petrie discussed cur- 
rent power problems with the 
Telephone Companies’ engi- 
neers at Chicago, Minneapolis, 
St. Paul, Omaha, Denver, Los 
Angeles and Seattle. He also 
attended a machine design 
conference that was held at the 
General Electric Company’s 
Fort Wayne plant. 

V. T. CatiaHan discussed 
engine design with manufac- 
turers at Buffalo, New York. 

J. H. Sore was in Fort 
Wayne, Rochester, and Sche- 
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nectady working with the engineers of power 
equipment manufacturers. 

F. E. Masexk, with representatives of the 
Western Electric Company and the Long Lines 
Department, visited Charlotte, North Carolina, 
in connection with installation problems of 
Type-K carrier telephone system on the New 
York-Charlotte project. 

E. K. Jaycox and A. E. RuEx Le attended the 
sixth conference on “Spectroscopy and Its Appli- 
cations” at the Massachusetts Institute of 
Technology. Mr. Ruehle presented a paper on 
Applications of Ultra-Violet Absorption Spectra 
in Establishing the Structure of Vitamin B,. 

J. C. Gasrie., E. J. Howarp and N. Lunp 
were at Barnegat, New Jersey, in connection 
with the installation of the musa radio receiver 
equipment. 

G. S. Puirps visited the Point Breeze plant of 
the Western Electric Company to inspect solder 
joints of terminal box nipples. 

Durinc uis stay in Zurich, Switzerland, H. E. 
Ives gave a talk before the Physical Society on 
Experimental Verification of the Transverse 
Doppler Effect. 

F. C. Nix is lecturing for three weeks on Order 
and Disorder in Alloys as part of a course on the 
physics of metals given at the summer school of 
the University of Pittsburgh. W. Shockley and 
R. M. Bozorth have also assisted with lectures, 
respectively, on the Theory of Order-Disorder 
Transformations and Anisotropy in Ferromagnetic 
Materials. 

Two PAPERS, written by members of the Lab- 
oratories, were presented at the Pacific Coast 
Convention of the American Institute of Elec- 
trical Engineers in conjunction with the Institute 
of Radio Engineers held at Portland, Oregon, 
August 10 and 11. They were Narrow-Band 
Transmission System for Animated Line Images 
by A. M. Skellett and Devices for Controlling 
Amplitude Characteristics of Telephone Signals 
by A. C. Norwine. 

R. P. Upton of the General Accounting De- 
partment has received his B.S. degree in Eco- 
nomics and Finance from Hudson College of 
St. Peter’s, located in Jersey City. 


THE TELEGRAPH RELAY for high-speed sub- 
marine cables, shown on Page IV of the Picture 
Section of the November Recorpb, was used as 
the front cover illustration of Electrical Engi- 
neering for August. 

J. H. Gray with S. A. Haviland of the Ameri- 
can Telephone and Telegraph Company visited 
the Michigan Bell Telephone Company to discuss 
buried wire for rural lines. 

A. H. Hearn investigated the results of pre- 
servative treatment of red-pine poles in codpera- 
tion with the Bell Telephone Company of Canada 
and the Canadian Forest Products Laboratories. 

R. L. Kayor spent several days in Whippany 
and Phoenixville on radio interference tests. 

A. J. A1kens left July 30 for Dallas, Texas, 
to make noise and crosstalk tests on Type-J 
carrier office circuits and equipment. 

R. M. Hawexorre is working on a joint in- 
vestigatioh with the Edison Electric Institute, the 
American Telephone and Telegraph Company 
and the New Jersey Bell Company on the effect 
of power capacitors on power circuit influence 
and telephone noise at Wyckoff, New Jersey. 

L. B. HocuerarF and C. O. Cross, with A. C, 
Mitchell of the Long Lines Department, con- 
ducted field tests in McKenney, Virginia, in 
connection with the proposed New York-Char- 
lotte Type-K carrier systems. 

F. W. AMBERG coéperated with the Long Lines 
Department in starting the Type-K crosstalk 
balancing on the Toledo-Detroit cables. Various 
Type-K crosstalk matters were investigated by 
Mr. Amberg and L. B. Hochgraf on the Detroit- 
South Bend route. 

H. J. Micuaez of the Transmission Develop- 
ment Department has received his B.A. degree 
in Physics and Mathematics from New York 
University. 

H. B. Noyes returned to Florida from Dallas, 
Texas, where he spent three weeks with the 
Southwestern Bell Company in crosstalk balanc- 
ing work on cables to be used in Type-J systems 
terminating at Dallas. 

H. Kautz has gone to Florida to codperate in 
the interaction crosstalk tests on the Jacksonville- 
West Palm Beach open-wire line. 


MEMBERS OF THE LABORATORIES WHO COMPLETED TWENTY YEARS OF SERVICE IN 
THE BELL SystEM DurinG AuGusT 


Apparatus Development Department 


Transmission Development Department 


General Service Department 
August 30 


Research Department 


Systems Development Department 

August 12 


[iv] 
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J. L. Linpner is now in Southern California 
where he is making crosstalk tests in the Danby- 
Whitewater section of the fourth transcontinental 
telephone line. 

R. P. Bootu and R. N. Hunter visited Prince- 
ton in connection with a static interference 
investigation into various types of aerial struc- 
tures. The investigation is being conducted by 
J. Mallett. 

H. A. ErueripncE visited Jacksonville for a 
few days to study the voice-frequency aspects of 
Type-J carrier systems. 

H. S. WinsBicer and R. R. Houcu have gone 
to Reading in connection with a field trial of the 
volcas as an echo suppressor on two-wire circuits. 

L. M. Incenrritz and H. A. Arret made an 
inspection trip of the Type-J trial in Florida, 
visiting all stations along the system. 

R. M. Pease spent several weeks at Okla- 
homa City during the summer making record- 
ings of the effects of lightning and dust storms 
on toll lines. 

R. A. Mitter and J. E. Tarr, accompanied by 
H. F. Scarr of the Western Electric Company, 
were in Boston during the early part of July to 
discuss speech input problems with engineers of 
the Yankee Broadcast Network. 

H. C. Rusty visited the Ingraham Clock Com- 
pany at Bristol, Connecticut, in connection with 
problems of loud-speaker cabinet design. 


ON THE TWENTY-EIGHTH of July, D. G. 
Blattner completed twenty-five years of service 
with the Western Electric Company and the 
Laboratories. Following his graduation by the 
Kansas State Agricultural College in 1911, he 
remained there for two years as assistant in- 
structor in physics. He then joined the Western 
Electric Company in Chicago and after com- 
pleting the student course transferred to the 
Transmission Branch of the Engineering De- 
partment at West Street where, in the laboratory 
group, his first work was in connection with 
ring-pole receiver tests. He then designed ap- 
paratus for testing double-button mechanical 
amplifiers for loud-speaking train dispatching 
systems. In 1916 he transferred to the Trans- 
mission Engineering Department where he en- 
gaged in current transmission problems until the 
World War when be became associated with the 
development of subaqueousrange-finding systerns. 

Following the war Mr. Blattner became inter- 
ested in the development of public address sys- 
tems and was responsible for the design of the 
equipment used in the early trials at the Newark 
Velodrome and later at the 1920 Republican 
and Democratic National Conventions at Chi- 
cago and San Francisco, respectively. His next 
work was the design and development of the 
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8A, 9A and 10A amplifiers for the 1A public 
address system. Power supply for the tubes of 
this system was provided by a vacuum-tube 
rectifier, one of the first to be standardized. 

In 1923 Mr. Blattner transferred to the Trans- 
mission Instruments Department to carry for- 
ward the development of loud speakers for public 
address systems and for use on systems trans- 
mitting programs over power or telephone lines. 
One important element in this work was to de- 
termine what characteristics a loud speaker 
should have and in this connection he designed 
suitable response-measuring apparatus. In 1927 
he was placed in charge of the group responsible 
for the development of loud speakers and phono- 
graph recorders and reproducers for public 
address systems and sound pictures. He was also 
responsible for the development of high-power 
loud speakers for flight deck announcing systems 
for airplane carriers. Since 1935, as Electro- 
mechanical Apparatus Engineer in the Appa- 
ratus Development Department, Mr. Blattner 
has been concerned with the development and 
engineering work on ringers, message registers 
and coin-collect relays for pay stations. 


W. G. Freeman, Central Office Apparatus 
Engineer, completed twenty-five years of service 
in the Bell System the first of August. Mr. Free- 
man graduated from the University of Pennsyl- 
vania in 1913 with the degree of B.S. in M.E. and 
then joined the student course of the Engineering 
Department of the American Telephone and 
Telegraph Company. Upon completion of this 
course he was assigned to the apparatus group 
where he was concerned with the development 
of manual apparatus. During the summer of 
1916 he went to the Texas border with the Na- 
tional Guard and the following May joined the 
U. S. Army in which he served as Captain in the 
Ordnance Department for the duration of the 
World War. 

In August, 1919, Mr. Freeman returned to 
the A. T. and T. Company and became associated 
with the equipment development group of the 
Department of Development and Research, 
which had just been organized. For three years 
he was concerned with the development of 
machine-switching systems, particularly cost 
studies of the panel system and economic studies 
of various types of dial systems. In 1923 he 
became engaged in the development of step-by- 
step apparatus and equipment and then, two 
years later, became a supervisor responsible for 
the development of manual and panel apparatus 
from the standpoint of field requirements and 
economic studies. Soon after the D. and R. 
merged with the Laboratories in 1934, Mr. 
Freeman was placed in charge of the central 
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W. G. Freeman 


office apparatus group of the Local Central 
Office Facilities Department. 

Since then Mr. Freeman has been responsible 
for the formulation of requirements for develop- 
ment of new or modified central-office apparatus 
or equipment; discarding impracticable or un- 
economical proposals to avoid wasting develop- 
ment effort; development work on miscellaneous 
equipment furnished by manufacturers other 
than the Western Electric Company, principally 
on equipment auxiliary to the function of tele- 
phone switching; codrdination of development 
effort and review of results; general conduct of 
mechanical field trials to determine suitability of 
central-office apparatus from operating and 
maintenance standpoint; consultation with the 
A. T. and T. Company and Associated Com- 
panies on general and local problems; and the 
preparation of bulletins, data sheets and other 
information. Some of his more important per- 
sonal contributions have been in connection with 
the development of air-conditioning systems for 
central offices, the design of relays and the im- 
provement of wire and cable for central offices. 


Morton Suttzer, Transmission Staff Engi- 
neer, completed twenty-five years of service in 
the Bell System on the twenty-first of July. 
Mr. Sultzer received the degrees of E.E. and 
MLS. from Lehigh in 1912 and 1917, respectively. 
Following graduation he remained at Lehigh for 
a year as an assistant instructor in electrical 
engineering. He then joined the Engineering 
Department of the Western Electric Company 
where, in the Physical Laboratory, he engaged in 
the development of bridges to measure capaci- 
tance. As part of this work he made important 
improvements in the Vreeland Oscillator to ob- 
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tain a source of variable frequency in the tele- 
phone range. In June, 1916, he transferred to the 
Engineering Department of the American Tele- 
phone and Telegraph Company to work on in- 
ductive codrdination, the first project being in 
connection with the electrification of the Paoli 
Branch of the Pennsylvania Railroad. 

During the World War Mr. Sultzer was in 
France with the 303rd Signal Battalion in which 
he was commissioned as a Lieutenant. He re- 
turned to the A. T. and T. Company about the 
time the Department of Research and Develop- 
ment was organized in 1919 and in the trans- 
mission group spent some time in field testing in 
connection with the design of the initial Key 
West-Havana cables. Upon the completion of 
this work he spent several years in economic 
studies which involved forecasting the trends of 
apparatus development. From 1927 to 1937, 
first in the D. and R. and then in the Labora- 
tories following the 1934 merger, he had charge 
of inductive codrdination field tests and investi- 
gations made in coéperation with railroads con- 
sidering electrification and with light and power 
companies. Since 1937 Mr. Sultzer has been 
Transmission Staff Engineer responsible for many 
of the general adniinistration problems confront- 
ing the Transmission Development Department. 


In 1907 A. M. Curtis left Heffley Institute in 
Brooklyn to ship as a wireless operator for the 
United Wireless Company. Three years later he 
became chief operator, inspector and installer 
for the radio systems of the Brazilian shipping 
company, Lloyd Brazileiro, and then, in 1912, 
went up the Amazon River with an exploring 
expedition of the Brazilian Department of Agri- 
culture, with the job of keeping in radio com- 
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munication with the base. He joined the Western 
Electric Company the following year, thus com- 
mencing service with the Bell System for which 
he received a five-star emblem on the eighteenth 
of August. From 1913 to 1915 he was in the 
Transmission Laboratory engaged in the design 
and development of telephone receivers. He then 
transferred to the Research Department and im- 
mediately went to Paris to participate in the 
Arlington-Paris radio telephone tests. Two years 
later he joined the Signal Corps, becoming a 
Captain in charge of the inspection section of the 
Division of Research and Inspection in Paris. 

Mr. Curtis returned to the Research Depart- 
ment in 1919 to engage in the development of 
systems for telegraph communication over sub- 
marine cable. In this work the provision of 
suitable recording oscillographs was of the 
greatest importance and he has made many con- 
tributions to their development. One result of 
this work is the rapid-record oscillograph, an 
indispensable tool in numerous lines of circuit 
work. Since 1931, first as Research Engineer of 
Transmission Devices and then as Circuit 
Research Engineer, Mr. Curtis has been re- 
sponsible for the development of voice-operated 
devices such as new types of echo suppressors, 
vogads, volume limiters, compandors and similar 
devices. In addition he has carried on his work on 
oscillographs and, more recently, engaged in 
fundamental studies of circuit reactions on con- 
tact phenomena, particularly of transients 
occurring at the contacts. 


* * 


Wuen A. KENNER received the degree of B.S. 
in E.E. from Purdue in 1913, he joined the 
student course of the Western Electric Company 
at Hawthorne, beginning the service to the Bell 
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System which reached its quarter-century mark 
on the twenty-fifth of last month. Following the 
usual shop training and installation experience in 
Chicago and in Wisconsin, Mr. Kenner joined 
the engineering division at Hawthorne where he 
was engaged in the preparation of drawings and 
specifications for the manufacture and installa- 
tion of switchboards and associated equipment 
for specific central offices. 

In 1919 Mr. Kenner came to New York where 
he was associated in the design and development 
of testing equipment for the panel system. A year 
later he transferred to the toll equipment group 
of the Systems Development Department; one 
of his first jobs was the development of equip- 
ment for the Key West-Havana cable. Shortly 
thereafter he was placed in charge of the toll-test, 
repeater and carrier group of the Equipment De- 
velopment Department. Since that time he has 
been responsible for designing and developing 
central-office equipment for long-distance serv- 
ice, particularly that equipment associated with 
cable systems. This work consists of preparing 
general drawings and specifications for the manu- 
facture and installation of switchboards, frames, 
and racks, wired units and associated cabling 
and wiring. 

A FIVE-STAR SERVICE BUTTON, emblematic of 
twenty-five years of service in the Western 
Electric Company and the Laboratories, was 
conferred upon G. E. Bailey on the eleventh 
of last month. Mr. Bailey, following graduation 
from Norwich University in 1913 with the de- 
gree of B.S. in E.E., joined the student course of 
the Western Electric Company at Hawthorne 
where he had the usual shop training and instal- 
lation experience in Chicago and in Wisconsin. 
From 1914 to 1919 he was in the Central Office 


G. E. Bailey 
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Engineering Division at Hawthorne engaged in 
preparing job specifications. He then trans- 
ferred to the Systems Development Department 
at West Street where he was concerned with the 
panel system, particularly with the design and 
development of testing equipment. 

Four years later Mr. Bailey was placed in 
charge of a portion of the manual office group of 
the Equipment Development Department and 
was associated with the development of the call 
indicator, straightforward trunking and the No. 


11 switchboard. In 1929 he transferred to toll 
equipment work where he has since played a 
part not only in the equipment engineering of 
the No. 8 test and control board, but also in the 
re-design of toll switchboards for increased capac- 
ity; the introduction of lamps for busy and idle 
line indication, and the simplification and im- 
provement of pneumatic ticket-distributing sys- 
tems. More recently, in the toll system develop- 
ment group, he has been concerned with the 
development of cordless toll-switching systems. 


AZZ 


Simplified Balancing Networks 
for Toll Cables 


By H. A. ETHERIDGE 
Toll Transmission Development 


ALANCING networks are de- 

signed to have an impedance 

characteristic simulating that 
of a section of toll line; and the closer 
the similarity, the better is the bal- 
ance obtained. They are employed at 
each repeater on two-wire toll cir- 
cuits; and the repeater gain as well as 
the overall circuit performance is 
limited by the degree of balance ob- 
tainable. Recent development work 
has resulted in certain simplified net- 
works whose design is such that their 
impedance is adjustable over a limited 
range. In addition a new mechanical 
design has been made available which 
is less expensive to manufacture and 
requires less space. It seemed desir- 
able, therefore, to review the require- 
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ments of balancing networks to see 
whether the new mechanical and 
electrical arrangements would not 
permit less expensive networks to be 
produced. 

Assuming a uniform value of re- 
sistance, inductance, and capacitance 
per load section, a section of cable be- 
tween two repeaters will have an im- 
pedance whose reactance and resist- 
ance components would be as repre- 
sented by the solid lines of Figure 1, 
when measured at the middle of a 
loading section, that is half way be- 
tween loading coils. It is such an 
impedance-frequency characteristic 
that the balancing network is designed 
to meet. It is economical, however, to 
design the basic network to simulate 
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the impedance of a cable having an 
end section of about 0.2 of a loading 
section, since under these conditions 
the resistance component of the im- 
pedance is practically constant with 
frequehcy. Since cable end sections 
are generally greater than 0.2, how- 
ever, this basic network is built out by 
means of an adjustable unit inserted 
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Fig. 1—Resistance and reactance compo- 

nents of the impedance of a section of cable 

measured at mid-loading section. The dotted 

curves show the range of variation in the 

resistance component due to variations in 
the capacitance of the cable 


in the circuit so that its impedance 
simulates that of a cable ending in 
the fraction actually existing. 


A schematic of a typical network 
that has been employed for two-wire 
circuits, together with its building-out 
unit, is shown in Figure 2. If the coils, 
condensers, and resistors composing 
the manufactured network were all 
exactly at their designed values, the 
impedance characteristic would fol- 
low almost exactly the desired char- 
acteristic curve. Since manufacturing 
variations can never be entirely elimi- 
nated, however, the component units 
of the network will rarely be exactly 
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at their designed values, and as a 
result the impedance of the network 
will vary somewhat from the desired 
characteristic. The deviations from 
the design values permitted in manu- 
facture are definitely specified, and 
the narrower the range of deviations 
allowed, the more expensive will be 
the network. In designing the new 
network, advantage was taken of the 
adjustable feature to eliminate two 
of the network elements, thus simpli- 
fying the network structure. 


The cable itself varies from its 
nominal values of capacitance and re- 
sistance, and thus the impedance 
characteristic of any section of cable 
will deviate somewhat from the nomi- 
nal characteristic shown by the solid 
lines of Figure 1. The variations en- 
countered are chiefly in the capaci- 
tance, since the wire itself is drawn 
with considerable precision to its 
specified diameter, and any variations 
in resistance that exist are too small 
to have an appreciable effect on the 
characteristic. These deviations from 
nominal values unfortunately do not 
occur at random, but instead tend to 
be systematic, depending on several 
manufacturing variables that would 
be difficult to control to any greater 
extent than is now done. Since toll 
cables are manufactured for a par- 
ticular project, there are likely to be 
whole repeater sections whose average 
load-section capacitance is systemati- 
cally higher or lower than the nominal 
value. The effect of variations in ca- 


Fig. 2—Schematic of the former type bal- 
ancing network, with the building-out unit, 
mounted separately, at the right 
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pacitance is chiefly to 
raise or lower the re- 
sistance component of 
the impedance, espe- 
cially at low frequen- 
cies; the effect on the 
reactance component is 
very minor. Permis- 
sible variations in cable 
capacitance would per- 
mit the resistance com- 
ponent of the cable to 
fall anywhere within 
the two dotted curves 
of Figure 1. Because of 
the expense of avoid- 
ing these variations in 
manufacture, it is more 
economical to design the balancing 
networks to absorb the effect of these 
variations to a considerable extent. 

Because of the inevitable variation 
in the cable, it seemed feasible to de- 
sign a network having the lowest re- 
quired resistance needed to balance a 
cable whose capacitance was high, 
and to provide in addition adjustable 
series resistances which could be set 
to compensate for lower cable capaci- 
tances. The practicability of this 
method was demonstrated in a recent 
trial of new toll facilities.* On one 
section of the cable the load-section 
capacitance was found appreciably 
lower than normal, with the result 
that over a considerable portion of the 


*Recorp, /pril, 1936, page 275. 
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Fig. 3—Schematic for the 113 type network 
showing the building-out condenser and ad- 
justable resistances integral with network 
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Fig. 4—The 113 type balancing network, showing the formed- 
channel construction and the slip-over cover 


useful frequency range the resistance 
component of its impedance was 
higher than the value for which the 
network was designed. By using an 
adjustable series resistance, however, 
the match between network and line 
could be considerably improved. 


To make the prospects of providing 
an inexpensive and yet satisfactory 
network even more promising, the 
Apparatus and Equipment Develop- 
ment Department of the Laboratories 
had recently developed a new method 
of mounting the network elements 
which not only would decrease the 
manufacturing cost, but would de- 
crease the space required by the net- 
works on a relay rack as well. With 
the previous construction, the net- 
work elements were assembled and 
sealed in a rectangular box, such as 
shown at the right of the photograph 
at the head of this article, and the 
building-out condenser, shown resting 
on it, was mounted separately. The 
new proposal was to employ as a con- 
tainer for the network elements a 
formed channel into which standard 
coil, condenser, and resistance units 
could be slid to make up the network. 
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This construction is shown at the left 
of the photograph at the head of this 
article, and in more detail in Figure 4. 
Such a unit requires a much narrower 
space on the relay rack, and readily 
accommodates any likely combination 
of coils, condensers, and resistances. 
It was also possible to include the 
building-out condenser in the same 
structure; and that also tends toward 
simplification in use. 

This network structure is known as 
the 113 type. For balancing 19-gauge 
H-88-50 loaded cable it is made in two 
forms, the 113P for side circuits, and 
the 113R for the phantom. The ad- 
justable series resistance can be set to 
either 0, 20, 40, or 60 ohms for the Pp 
network, and to 0, 15, 30, and 45 for 
the r network. These ranges are ade- 
quate to compensate for any normal 
variations in cable capacitance. The 
new network, shown in schematic in 
Figure 3, is somewhat smaller than its 


predecessor, even though the building- 
out unit and adjustable resistances 
are made part of it instead of bein 
supplied as a separate unit. The line is 
connected to terminals 1 and 2, and 
the resistance is varied by various 
strappings of terminals 2, 3, and 4. 

Tests on these networks in actual 
service have shown that by making 
suitable adjustment of the resistors, 
balances can be obtained that meet 
the requirements for the types of 
circuits with which they will be used. 
As a result the same principles have 
been employed in the design of new 
networks for B-135-N loading systems 
using 22-gauge BsA cable. This cable 
is designed primarily for exchange 
area use, where the allowable varia- 
tions in capacitance are greater than 
in the usual toll cable. The adjustable 
features of these new networks are 
particularly desirable, therefore, to 
adapt such circuits to toll use. 
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A Radio Telephone Set for Small Vessels 


By B. O. BROWNE 
Radio Development Department 


HE fifty-watt marine radio 

telephone apparatus recently 

described in the Recorp* pro- 
vides a simple and effective means for 
vessels within a few hundred miles of 
the coast to communicate with shore 
stations, and through them to be able 
to talk to any Bell System subscriber. 
Although these sets are compact and 
simple to operate, they are larger and 
more expensive than is warranted for 
use in many small vessels such as 
harbor tugs, pilot vessels, and small 
yachts, which would seldom be more 
than fifty miles from a port equipped 
with a radio shore station. To provide 
essentially the same type of telephone 
service for these smaller craft, a 
fifteen-watt set operating over the 
frequency range from 2.0 to 2.8 mega- 

*Fune, 1938, page 358. 
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cycles has recently been developed, 
and is known as the 226A radio tele- 
phone equipment. 

In this equipment desirable econ- 
omy in space is secured by assembling 
the transmitter and receiver on a 
common chassis. This chassis, to- 
gether with a common power supply 
unit, is mounted in a metal cabinet 
about fifteen by fourteen by eight- 
and-a-half inches. Attached to the 
side of the cabinet is a standard 
handset mounting for a handset, al- 
though the handset and handset 
mounting may be removed from the 
cabinet and placed in some other lo- 
cation. A loudspeaker is also mounted 
in the front of the cabinet, and may 
be used for monitoring incoming calls. 
It is expected, however, that in many 
cases selective calling will be desired, 
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which may be obtained through the 
use of a selector set* which is an ac- 
cessory item. 

Both the transmitter and receiver 
are crystal controlled, and four quartz 
plate holders are provided so that 


Fig. 1—The construction of the cabinet makes all apparatus 


readily accessible 


communication may be held on any 
of four frequencies. These plate 
holders are of the double type, each 
holding two crystals. Frequencies are 
assigned in pairs, one for transmitting 
and one for receiving, and the trans- 
mitting and receiving crystals for an 
assignment are mounted in the same 
holder. A four-position switch on the 
front of the cabinet permits ready 
selection of the frequency combina- 
tion desired. 

The radio transmitter employs only 
four tubes: an oscillator, a power 

*Recorp, April, 1936, page 255. 
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amplifier, and two tubes in a push-pull 
circuit forming an audio amplifier. 
The handset is connected to the latter 
through a transformer, and the audio 
stage modulates the plate and screen 
voltages of 


the power amplifier 
through another trans- 
former. Coupling be- 
tween the power am- 
plifier and the antenna 
is effected through a 
condenser and an in- 
ductance. The latter is 
of the roller-coil type 
and gives continuous 
adjustment for both 
plate impedance and 
antenna tuning. This 
coil is adjusted when 
the set is installed to 
tune the antenna with 
which it is associated, 
and no further adjust- 
ment is required. Dif- 
ferent taps on it are 
selected by the same 
switch that selects the 
desired crystal. 

The radio receiver is 
of the superheterodyne 
type with one radio- 
frequency stage, a 
modulator, a crystal- 
controlled beating oscillator, one 
intermediate-frequency stage, a com- 
bination detector and first audio stage, 
and a power amplifier stage. A single 
dial on the front of the cabinet con- 
trols the receiver tuning. It is set 
when the crystal switch is changed, 
and requires no further adjustment. 

As the power supply facilities on the 
various types of vessels using this 
equipment differ widely, it was de- 
cided to design the power unit for 
115-volt, 60-cycle supply, and use a 
standard motor-alternator to provide 
the required voltage and frequency. 
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The unit includes a transformer that 
supplies a low voltage for the filament 
circuit and a high voltage for a single 
rectifier tube, which furnishes plate 
potential for both the transmitter and 
receiver. Filament current is supplied 
to both transmitter and receiver all 
the time that the power switch is 
“on,” but the high voltage is switched 
from one to the other through relays 
operated by the press-to-talk switch 
on the handle of the handset. 

In designing this equipment, every 
effort has been made to make all parts 
readily accessible in spite of the com- 
pactness of the assembly. The chassis 
on which the power unit is mounted 
slides into the bottom of the cabinet 
and is fastened to it by screws 
through the bottom. The front of the 
cabinet is hinged to the chassis of the 
power unit, and may be tipped out as 
shown in the accompanying illustra- 
tions. By removing the screws that 
hold the power unit to the bottom of 
the cabinet, the complete equipment 
—transmitter, receiver, and power 
unit—may be removed from the cabi- 
net for inspection or maintenance. 

Operation of the set is very simple. 
After it is connected to the antenna, 


the roller-type tuning coil in the 
transmitter output circuit is adjusted 
by a screwdriver inserted through the 
top of the cabinet to produce a mini- 
mum reading of the plate meter 
mounted on the front panel. This ad- 
justment is not touched again unless 
the antenna is changed. The set is put 
in operation by the power switch, 
which connects power to the primary 
side of the transformer in the power 
unit. When this switch is “on,” 
nothing else need be done but lift the 
handset and talk, except possibly 
some slight adjustment of volume. 

Under normal conditions the power 
switch will be on, and the speaker 
switch will be set for loudspeaker 
monitoring. When a call comes in, 
this latter switch is thrown to the 
handset position, and conversation is 
carried on as with any other telephone 
set except that the switch in the 
handle of the handset must be pressed 
when talking. This switch transfers 
both the power and the antenna from 
the receiver to the transmitter, and 
when it is released, both are returned 
to the receiver. The relays that make 
these transfers are with the power 
unit in the lower part of the cabinet. 


Fig. 2—The 226A radio telephone equipment with motor-alternator for 
connection to the ship’s power supply 
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Regulated Tube Rectifiers Using 
Magnitude Control 


By D. E. TRUCKSESS 
Power Development 


N an ordinary three-element ‘vac- 
uum tube the grid has continuous 
control of the space current, but in 
the thyratron, which is also a three- 
element tube, the grid controls only 
the start of the space current. One or 
more gases are present, and their 
ionization maintains the space cur- 
rent until the plate potential becomes 
zero. Once stopped, the space current 
cannot reéstablish itself until the plate 
potential becomes strong enough to 
draw electrons past the grid in spite 
of the latter’s opposition. Thus an 
adjustment of the grid potential will 
determine whether the tube becomes 
conducting early or late in the cycle, 
and so will control the rectified cur- 
rent which reaches the load. 
Rectifiers with grid-controlled tubes 
have been used for some time in the 
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telephone plant to charge storage 
batteries and as sources of small 
power. These rectifiers have been 
hand regulated by the operating staff, 
a procedure which involves extra 
maintenance cost and does not give 
the desired constancy of output. Re- 
cently self-regulating rectifiers which 
require very little attention have been 
developed by adding to the circuit 
means for controlling automatically 
the bias of the rectifying tube. The 
method has been named “‘magnitude 
control’’ because it depends on vary- 
ing the magnitude of the voltage ap- 
plied to the grid of the tube. 

A simple half-wave rectifier circuit, 
which incorporates a thyratron tube 
and uses the magnitude method of 
self-regulation, is shown in Figure I. 
The transformer tr furnishes the 
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alternating voltage, the retardation 
oil L and condenser c form the filter, 
and the load is a storage battery and a 
resistance. The control circuit con- 
sists of a potentiometer connected 
across the load to furnish a negative 
tential with respect to the cathode, 
and a grid battery connected to op- 
pose the voltage drop of the potenti- 
ometer so that the net voltage applied 
to the grid is slightly negative. The 
resistor R limits the grid current. 
When the load is applied to the recti- 
fier the output voltage decreases and 
this change, reaching the grid through 
the regulating circuit, permits the 
tube to fire earlier in the cycle. This 
causes current to flow longer and in- 
creases the output voltage sufficiently 
to return it to the regulated value. 
When the load is very light with a 
circuit of this type, the condenser c 
maintains the voltage constant enough 
to keep the tube biased out part of the 
time and so prevents it from firing 
every cycle. If the voltage falls the 
condenser discharges and the tube 
fires until the condenser is recharged. 
This irregular operation of the tube at 
light loads can be noticed as a flicker 
in the haze of the tube, but the volt- 
age can be maintained at the regu- 
lated value with proper circuit design. 
A circuit with magnitude control 
arranged for full-wave operation is 
shown in Figure 2. It has all the ad- 
vantages over half-wave rectification 
which are characteristic of conven- 
tional two-element tube rectifying 
circuits. The control circuit operates 
in exactly the same manner as in the 
half-wave rectifier. The tube which 
has the lowest critical voltage for a 
given plate voltage will fire first but 
the output will be very small because 
the impedance of the filter circuit re- 
mains high. When the output voltage 
is reduced sufficiently to fire the other 
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tube, full-wave operation begins and 
normal control is exercised. One tube 
will carry slightly more load than the 
other, but the impedance of the filter 
coil tends to balance their loads. 

If the alternating input voltage 
changes, the regulating circuit tends 
to compensate for the effect on the 
plate voltage of the tube. The grid 
voltage required to make the tube 
fire also changes at the same time and 
causes the output voltage to increase 
with the plate voltage. This effect 
may be nullified by connecting in the 
potentiometer circuit a small direct 
voltage obtained from a copper-oxide 
rectifier and a winding on the plate 
transformer. The ripple in this voltage 
is smoothed by the condenser c,. If 
the alternating input voltage in- 
creases, the direct voltage supplied by 
the copper-oxide unit will also in- 
crease proportionately and the po- 
tential applied to the grids of the 
tubes, through the grid battery, will 
be more negative. This causes the 
tubes to pass current later in the cycle 
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Fig. 1—Half-wave self-regulating rectifier 
circuit for a thyratron rectifying tube 


and compensates for the added input 
voltage, if the copper-oxide rectifier is 
properly selected. A compensating 
circuit of this type may be applied to 
either the half- or full-wave circuits. 

The magnitude method requires a 
small amount of inductance in the 
direct-current output for satisfactory 
control even when it is not needed for 
noise suppression. The characteristic 
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of the tube, with a 
pure resistance load, is 
such that as the direct 
voltage on the grid be- 
comes less negative the 
output current will go 
abruptly from zero to 
approximately one-half 
the maximum value, 
and then gradually to 
the maximum. With 
an inductive or nearly 
inductive load, on the 
contrary, thegrid of the 
tube has smooth con- 
trol from almost zero 
to the maximum value. 

The operation of these circuits on 
resistance loads usually requires that 
the output be filtered more than with 
battery loads; in fact, when a storage 
battery is used, the filter condenser 
can in many cases be eliminated. If 
conditions are such that it is not 
necessary to filter the output to any 
great extent to suppress noise, the 
voltage applied to the regulating 
potentiometer must be filtered so that 
the ripple on the output voltage will 
not feed back into the grid circuit. 

In all grid-controlled rectifiers with 
hot-cathode tubes the filament has to 
reach its operating temperature before 
space current flows to prevent bom- 


Fig. 3—A full-wave rectifier with self-regulation designed to 
charge storage batteries in small central offices—rear view 


with casing removed 


bardment of the cathode. This may be 
accomplished by having the grid of 
the tube connected to the filament 
through a condenser which holds the 
grid negative and prevents plate cur- 
rent from flowing until a thermal relay 
operates and transfers the grid to the 
regulating circuit. 

The headpiece shows the rectifier 
corresponding to Figure 1. It delivers 
a current of 0.6 ampere at an output 
voltage of 52 to 75 volts and was de- 
signed primarily for mounting directly 
on the telephone central office power 
boards to operate message registers. 
Although intended for a resistance 
load it may also be used to float a 
battery. Two other rectifiers 
of this general size and shape 
have been developed. One has 


an output of 0.6 ampere at 120 
or 130 volts and was designed 
to furnish voltage for the coin 
control of public telephones. 
It is suitable for resistance 
loads or may be used to charge 
a storage battery. The other 
rectifier, which is intended for 


Fig. 2—Circuit for full-wave self-regulating rectifier 


with thyratron rectifying tubes 
26 


battery charging only, may be 
adjusted to operate at any 
voltage from 17 to 45 volts 
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and delivers an output current of 0.6 
ampere. Its principal useis tocharge the 
battery employed in ringing circuits. 
Figure 3 shows a rectifier corre- 
sponding to Figure 2. It was designed 
to float a 50-volt battery and to de- 
liver 3 amperes. A similar rectifier, 
Figure 4, installed in a case of the same 
size and shape, delivers 10 amperes at 
50 volts. These two rectifiers are used 
as part of the power plant for private 
branch exchanges and small central 
offices. In addition to the rectifier, this 
unit contains all of the power-plant 
equipment required for small central 
offices such as the charge and dis- 
charge fuses, station voltmeter and 
the high and low voltage alarm. 
: Since the magnitude of the grid 
voltage necessary for control is about 


the same for all the plate voltages 
used, the regulation improves at the 
higher output voltages. It varies from 
about +3 per cent for 17 volts to +1 
per cent for 48 volts, with load 
changes up to three-quarters full ca- 
pacity and +5 per cent variation in 
alternating input voltage. The output 
voltage of battery-floating rectifiers is 
made to taper off at three-quarters 
load as a protection against overload 
when connected to nearly discharged 
storage batteries. 

The magnitude method of control 
provides a relatively simple and in- 
expensive means of regulating the out- 
put of thyratron tube rectifiers, which 
are being used increasingly in central 
offices where small amounts of direct- 
current power are required. 


Fig. 4—A full-wave rectifier for private branch exchange or small central 
office use designed for charging batteries at 10 amperes 
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Grid-Controlled Rectification Used in 
Small 48-Volt Power Plant 


By J. L. LAREW 
Power Development 


NTIL very recently, power 

plants for small PBX’s and 

central office switchboards 
have employed tungar rectifiers. The 
voltage characteristic of these recti- 
fiers is rather steep, so that their regu- 
lation is poor, and as a result it has 
been necessary to provide some ex- 
ternal means of voltage control to 
keep the batteries in the proper state 
of charge. With the recently devel- 
oped regulated-tube rectifier, the uti- 
lization of external regulation be- 
comes unnecessary, since the output 
voltage is maintained within very 
close limits for all normal variations 
of line voltage and load. It seemed de- 
sirable, therefore, to incorporate this 
improved rectifier in the power plants 


supplying direct current for small 
central offices and private branch ex- 
changes. There were four types of such 
plants in use, which differed in their 
manner of voltage control, in the 
actual voltage supplied, and in other 
features; but a study indicated that 
because of the close and automatic 
regulation of the new rectifier, a single 
plant could be made to take the place 
of the four existing ones. The 105A 
power plant, rated at ten amperes 
and forty-eight volts, was the result. 

The previous small power plants 
were an assembly of a number of 
units. The rectifier was usually 
mounted by itself as a separate unit; 
the voltage control equipment varied 
for the four different plants, and was 
mounted on a panel 
separate from the rec- 
tifier, and the fuses, 


alarms, and small mis- 


Fig. 1—Ringing machines used with the new power plant are 
electrically connected to their mounting panel through a plug 
attached to a short flexible cord 
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cellaneous equipment 
were arranged as 
proved convenient. 
Some of these power 
plants have already 
been described in the 
ReEcorp* in connection 
with articles on the 
PBX’s and small cen- 
tral offices they were 
particularly designed 
to serve. In the new 


*Recorp, Nov., 1926, page 
87; Aug., 1928, page 388; May, 
1930, page 416. 
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power plant no external regulating 
equipment is required, as has already 
been mentioned, and all the fuses— 
charge, discharge, and distribution— 
as well as the alarms are mounted on 
the rectifier panel to form a single 
unit. The alarm arrangement, further, 
has been simplified so that any condi- 
tion requiring the attention of a main- 
tenance man—high or low voltage, 
fuse or rectifier failure, or ringing ma- 
chine failure—will be indicated by a 
single alarm. An inspection of the 
meters and fuses on the front of the 
rectifier panel will then at once indi- 
cate the source of the trouble. 

Besides the rectifying equipment, a 
power plant usually incorporates a 
ringing machine, except for very small 
installations where ringing is ob- 
tained over conductor pairs from the 
central office. The 105A power plant 
provides for the use of any one of 
several possible ringing machine ar- 
rangements. Figure 1 shows one such 
machine arrangement with the con- 
nections to the machine made through 
a plug and jack so that it may quickly 
be replaced in the event of trouble. 
The mounting of the ringing machine 
employs a jack, in which a plug, con- 
nected to the machine through a short 
flexible cord as shown in Figure 1, can 
be readily inserted. Heretofore the 
plug has been rigidly attached to the 
ringing machine, and very accurate 
mounting has been necessary to secure 
proper contact. The ringing-machine 
panel includes the starting relays and 
other accessory equipment, so as to 
be completely self-contained. 

The new power plant, shown in 
Figure 2, is housed in a floor-sup- 
ported cabinet 6 feet 10 inches high, 
thirty-three inches wide, and seven- 
teen inches deep, and is equipped with 
shelves for mounting the various units 
of equipment. The regulated rectifier 
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Fig. 2—The 105A power plant provides a 
compact unit for the smaller central offices 
and private branch exchanges 


itself is mounted at the top, and the 
shelf immediately beneath it is for the 
ringing equipment. The two lower 
shelves are for the batteries. Doors for 
enclosing the equipment below the 
rectifier may be obtained for both the 
front and back of the cabinet in cases 
where these are desired. 

At any output up to three-quarters 
load, the new rectifier will maintain a 
constant “‘floating”’ voltage across the 
battery with +5 per cent changes in 
line voltage. With changes in load up 
to three-quarters load, the “floating” 
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voltage is held constant to within +1 
per cent. Beyond three-quarters load 
the voltage will drop slightly, reaching 
about two volts per cell at the rated 
capacity of the rectifier. Beyond full 
load the voltage drops further, which 
has the advantage of preventing an 
overload on the rectifier at low bat- 
tery voltages. These characteristics 
not only insure longer life for the bat- 
teries, but broaden the field of appli- 


cation of the new power plant by 
making it suitable for offices with 
heavy peak loads of short duration. 
Besides these advantages arising from 
the use of the grid-controlled rectifier, 
the 105A power plant is smaller and 
less expensive than the previous 
plants, and its compact arrangement 
and suitability for any of the smaller 
installations marks a distinct advance 
in power-plant design. 
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tinued this work in the Toll Transmission 
Development Department. 
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in the early demonstrations of the trans- 
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equipment for the long-wave transmitter 
at Rugby, England, and Rocky Point, 
Long Island, and of the receiver at 
Houlton, Maine. In 1926 he transferred 
to what is now the Commercial Products 
Development Department, where he has 
since been in charge of a group developing 
radio broadcasting transmitters. 

A. W. KisHpauGH graduated from the 
University of North Dakota in 1g12. 
After two years each with the General 
Electric Company and the Utah Power 
& Light Company, he joined the Engi- 
neering Department of the Western 
Electric Company where, in the research 
group, he was concerned with radio re- 
ceiving problems and with the develop- 
ment of radio equipment for the Army 
and Navy, particularly for use on aircraft. 
Later he was engaged in the development 
of apparatus and systems for the com- 
mercial applications of radio telephony 
and in the development of broadcasting 
equipment. At present he is in charge of 
a group in the Commercial Products De- 
velopment Department engaged in the 
design of commercial broadcasting equip- 
ment. 

D. E. Trucksess received the degree 
of B.S. from Pennsylvania State College 
in 1926 and joined the Laboratories the 
same year. His work, with the Systems 
Development Department, has related 
primarily to the development of power 
apparatus. Recently he has spent much 
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of his time on regulated rectifiers of which 
the one described in this issue of the 
RECORD is representative. 

C. S. Know ton spent three years at 
the General Electric Engineering School 
and at the same time studied electrical 
engineering at Lowell Institute. He grad- 
uated in 1926, and then spent a year with 
the Boston and Maine Railroad as in- 
spector of automatic train control equip- 
ment. The next year he joined the Techni- 
cal Staff of the Laboratories, and engaged 
in power development work in the Sys- 
tems Development Department. With 
the same group, he has more recently 
been occupied in developing copper- 
oxide rectifiers and relay-controlled ap- 
paratus for voltage regulation of tele- 
phone power plants. 

J. L. Larew received a B.Sc. degree in 
mechanical engineering from Rutgers 
University in 1917,and during the following 
five years he held positions with several 
engineering and construction companies, 
gaining a varied engineering experience. 
In 1922 he joined the Laboratories and 
was assigned to the power division of the 
Systems Development Department. For 
the past twelve years he has supervised a 
group engaged in the development of 
power plants for the toll system. Among 
these have been those for telephone and 
telegraph repeaters, transatlantic radio, 
picture transmission and the more recent 
coaxial and TypesJ and K carrier systems. 
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AFTER NINE YEARS with the Crocker- 
Wheeler Company, B. O. Browne joined 
the Apparatus Drafting Department of 
these’ Laboratories in 1919. He trans- 
ferred to the radio development group in 
1924 where he has since been engaged in 
the mechanical design of aircraft receivers 
and ground station receivers and trans- 
mitters. He has also been engaged in 
ship-to-shore projects such as the 224A 
and 226A radio telephone equipments. 

L. H. GeRMER was graduated from 
Cornell University in 1917 and came to 


the Laboratories directly, but in August 
of that year he joined the United States 
Army where he served until the spring of 
IgIg in this country and abroad. On re- 
turning to the Laboratories in 1919 he 
became interested in research work jin 
thermionics and electron physics. Dr, 
Germer has spent the last several years 
applying electron diffraction methods to 
the study of surface films and surface 
chemistry. He received the A.M. and 
Ph.D. degrees from Columbia University 
in 1922 and 1927, respectively. 
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